An investigation of the growth response of fluted pumpkin to different combinations of irrigation intervals and spent mushroom substrate (SMS) was conducted during the dry season, with a view to determining the combination that would give the best performance of the crop. The experiment lasted for a period of thirteen weeks in a sandy loam soil. Three irrigation intervals of 4, 7 and 10 days, and three levels of SMS, 10, 20 and 30 t/ha were randomly combined, including a control with neither irrigation nor SMS. Results indicate that there were significant differences in growth parameters such as vine length, number of leaves, leaf area, number of branches, vine fresh weight and total shoot yield across the treatment variants. The combination of 7 days irrigation interval and 20 t/ha SMS gave the highest mean vine length of 1.99 cm, while the greatest mean leaf area (75.95 cm 2 ) was obtained from the combination of 4 days irrigation interval and 20 t/ha SMS. However, the combination of 4 days irrigation interval and 30 t/ha SMS gave the highest mean number of leaves (54), number of branches (9.67), vine fresh weight (2.15 t/ha), percent emergence (92.88%), and total shoot yield (2.17 t/ha). The results of this study therefore suggested that the best growth performance of fluted pumpkin during the dry season is obtainable from a combination of 4 days irrigation interval and 30 t/ha SMS.
INTRODUCTION
Available literature indicates that fluted pumpkin (Telfairia occidentalis Hook. F) is a leaf and seed vegetable indigenous to Southeastern Nigeria but now cultivated in many parts of the country, with high nutritional, medicinal and industrial values (Akoroda, 1990; Akanbi et al., 2007; Odiaka et al., 2008) . Its leaves locally referred to as Ogu in the riverine areas of the Niger Delta region of Nigeria, is an important dietary component. However, despite its nutritional value, the production of this crop in the Niger Delta is still at the subsistence level. Olaniyi and Akanbi (2007) posit that the agronomy of fluted pumpkin, like Abbreviation: SMS, Spent mushroom substrate. most other tropical vegetable crops, has been neglected because it does not fall into the export category. Other factors affecting the productivity of fluted pumpkin in the region include the total dependence by farmers on rainfed agriculture, and the low fertility of the soil.
The total dependence on rainfall for crop production in the Niger Delta region is an age-long practice borne out of the misconception that the region is blessed with abundant rainfall despite the fact that the area is also characterized by distinct wet and dry seasons. The other inhibiting factor is the soil. Fubara (1983) observed that the soils of the Niger Delta are such that the movement of gravitational water is usually very slow as a result of the poor permeability, leading to high surface runoff. Furthermore, there is high evaporation which is about one-half of the rainfall. These therefore imply that only a small fraction of the observed rainfall actually infiltrates and percolates into the root zone to sustain plant growth. Opuwaribo et al. (1990) also stated that the soils of the Niger Delta are generally strongly weathered, have low caution exchange capacity, low base saturation and low fertility level usually suffering from multiple nutrient deficiencies.
It is obvious from the foregoing that apart from irrigation, the enhancement of the soil quality is sine qua non for effective production of crops in the Niger Delta region of Nigeria. The enhancement of soil quality can be achieved by the use of inorganic (chemical) or organic fertilizers. However, Nottidge et al. (2005) asserted that the use of inorganic fertilizers has not been able to sustain high productivity due to increase in soil acidity, nutrient leaching and degradation of soil organic matter and physical conditions. Organic fertilizers therefore offer great prospects. The spent mushroom substrate (SMS), for example, has a potential application as a soil fertilizer. The advantages of SMS as a soil fertilizer over chemical fertilizers is that SMS provides slow-release nutrients that will not burn crop upon application. Furthermore, SMS contains a wealth of micronutrients that are usually not present in standard NPK fertilizers. In addition, when SMS is added to soil, it affects the levels of P, K and Mg but does not raise the level of NO 3 -N (Maher, 1994) . The objective of this paper therefore was to determine the most suitable combination of irrigation interval and level of spent mushroom substrate that will produce the best growth performance in fluted pumpkin during the dry season.
MATERIALS AND METHODS

Description of the study area
The study was conducted at the Teaching and Research farm of the Rivers State University of Science and Technology, Port Harcourt, in the Niger Delta region of Nigeria during the dry season between the months of November, 2009 and February, 2010. Port Harcourt is characterized by a humid tropical climate, with an average rainfall of about 2100 mm, of which 70% occurs between May and August. The rest of the year is relatively dry, with mean air temperature varying from 25 to 30°C (Fubara-Manuel, 2005) . The soil type is ultisol (USDA classification) and its texture is sandy loam (Ayotamuno et al., 2007) .
Experimental layout
Treatments consisted of irrigation intervals (0, 4, 7 and 10 days) and spent mushroom substrate (0, 10, 20 and 30 t/ha) combined to give a total of 10 treatment variants. The zero irrigation interval and zero SMS combination served as the control as it represented the natural condition of the soil. The treatment combinations were laid out in a factorial experiment and fitted into a randomized complete block design with three replications, thus giving a total of thirty experimental plots. The net plot size was 5 x 5 m. Shallow drains were constructed between plots to prevent treatment from one plot flowing into the adjacent plot either by surface runoff or interflow. Planting Three seeds of fluted pumpkin were planted per stand, at a spacing of 1 x 1 m. The plants were later thinned to two plants per stand two weeks after planting.
Treatment applications
SMS was obtained from Dilomat Mushroom Development Centre, Rivers State University of Science and Technology, Port Harcourt, Nigeria. It was formulated with standard sawdust, austine white lime and rice bran in the ratio (by weight) of 1 : 0.04 : 0.08 and used to grow oyster mushroom (Pleurotus spp.). After three mushroom harvests, the fresh SMS was collected from the mushroom houses and kept outside in sack bags for four months for additional composting. This weathered SMS was then incorporated into the soil seven days before planting. Irrigation water, at a rate of 0.002 m 3 /s was applied uniformly to each plot, using watering cans with roses similar to overhead irrigation method. Irrigation application commenced immediately after planting. The treatment combinations were control, with neither irrigation interval nor SMS, 4 days irrigation interval combined with 10, 20 and 30 t/ha SMS, 7 days irrigation interval combined with 10, 20 and 30 t/ha SMS, and 10 days irrigation interval combined with 10, 20 and 30 t/ha.
Cultural practices
There was no application of inorganic fertilizer. Weeding was done manually two weeks after planting and at subsequent intervals as the need arose.
Soil
Composite soil samples were collected prior to planting and at thirteen weeks after planting (13 WAP) with soil auger at a depth of 0 to 25 cm for analysis. Parameters determined include pH, electrical conductivity, organic matter, total nitrogen, available phosphorus and exchangeable cations (Ca, Mg, K and Na). The methods adopted were those described by Jackson (1964) , Bremmer and Mulvaney (1982) and Black et al (1965) . Other parameters determined were the moisture content and, by extension, available water. The gravimetric method was used in determining the moisture content, after which the available water was obtained from the following equation (Fubara-Manuel, 2006) :
Where, AW is the available water (%) and MC is the moisture content (%) by volume
Plant
Four plants were selected by simple randomization of each plot, 13 WAP. The average values from the selected plants were then used to determine the vine length, number of leaves, leaf area, number of branches, vine fresh weight and total shoot yield. Percent emergence was also determined, but this was done two weeks after planting.
Leaf area
The leaf area was estimated using the following equation proposed by Akoroda (1993): Where, LA is the leaf lamina area; L is the length of central leaflet; W is the maximum width of the central leaflet and N is the number of leaflets in a leaf.
Statistical analysis
The values obtained for the various plant parameters were subjected to simple univariate summary statistics such as the mean and standard deviation. The analysis of variance (ANOVA) was then used to compare the variability in selected parameters due to the treatment applications, according to the procedure outline by Gomez and Gomez (1984) .
RESULTS AND DISCUSSION
The chemical properties of the spent mushroom substrate (SMS) used are shown in Table 1 . Although, the range of values of the properties of SMS suitable for the growth of fluted pumpkin in the study area is yet to be investigated, a general guide for SMS selection for the production of turf, recommends, for example, that the pH should be between 6.0 and 8.0, organic matter should be greater than 40%, while carbon : nitrogen ratio should be below or equal to 30:1 (Landschoot and McNitt, 1995) . Thus, the pH of 6.8, organic matter of 54.2% and C : N ratio of 25.6:1 of the SMS used for this study meet these recommendations. Table 2 presents the physical and chemical properties of the soil between 0 and 25 cm depth before and after the experiment. The soil was acidic, with a pH of 5.18 before the experiment, but decreased to 4.93 and 5.07 after the experiment in the control and treated plots, respectively. Ouda and Mahadeen (2008) however, found that soil pH was not significantly affected by different doses of organic and inorganic fertilizers in a plastic house experiment. The electrical conductivity also decreased from 0.52 ds/m before the experiment to 0.19 and 0.21 ds/m in the control and treated plots, respectively after the experiment. It is difficult to offer tangible explanation for the drop in EC in the control that had no treatment except to attribute it to plant uptake. In the treated plots, however, the drop is attributable mainly to the leaching effect of the irrigation water. This, in part, agrees with the findings of Maher (1994) who stated that the addition of fresh SMS at a rate of 25 metric tons per ha drastically increased EC but after a certain amount of harvest, EC would be reduced due to leaching and plant nutrient uptake. Table 2 further shows that available P increased from 8.94 mg/kg at the control, to 25.19 mg/kg in the treated plots. This, certainly, is due to the application of SMS. The result conforms with those of Wisniewska and Pankiewicz (1989) who observed that soil treatment with SMS increased the P, K, Ca and Mg contents in the soil. However, uptake by plants has the capacity to reduce these parameters. The last row of Table 2 showed a reduction of available water from 56.64% before the experiment to 29.92% in the control after the experiment, which is obviously due to moisture uptake by the crop. Although, the increase of available water to 89.67% in the treated plots can be attributable to irrigation, the contribution of SMS as much to this moisture increase cannot be underestimated. Harpster et al. (2000) observed increase in soil nutrient levels including water holding capacity in soils amended with SMS.
The effect of the different applications of irrigation intervals combined with different levels of SMS on the growth parameters of fluted pumpkin at the end of thirteen weeks after planting (13 WAP) is presented in Table 3 . Values are mean ± standard deviation of three replicates.
The maximum vine length of 1.99 m was obtained from the combination of 7days irrigation interval and 20 t/ha SMS. Apart from the control, the least vine length of 1.17 m occurred from the combination of 10 days irrigation interval and 20 t/ha SMS. Furthermore, the highest average number of leaves of 54.33 was obtained form the combination of 4 days irrigation interval and 30 t/ha SMS. This result agrees with that of Asoegwu (1988) who observed a decrease in the number of leaves with increase in irrigation interval, although, his research did not include SMS. Similar findings were made by Mateen ul Hassan et al. (2005) on the growth and yield of bell pepper. For leaf area, combining 4 days irrigation interval with 20 t/ha SMS gave the highest mean value of 75.95 cm 2 , while the lowest value of 33.70 cm 2 was obtained from the combination of 10 days irrigation interval and 10 t/ha SMS.
The combination of 4 days irrigation interval and 30t/ha SMS also showed the highest values for number of branches (9.67), vine fresh weight (2.15 t/ha), percent emergence (92.88%) and total shoot yield (2.17 t/ha). The lowest values from the treated plots were however obtained from the combination of 10 days irrigation interval and 10 t/ha SMS for number of branches (4), vine fresh weight (1.28 t/ha) and percentage emergence (77.66%), while the combination of 4 days irrigation interval and 10 t/ha SMS gave the least value of 1.09 t/ha for total shoot yield which is attributable to the small quantity of SMS. Table 3 further indicates that there was increase in growth parameters with shorter irrigation intervals and higher amount of SMS, with optimum values obtained by combining 4 days irrigation interval with 30 t/ha SMS. For irrigation intervals, the 4 days interval must have caused a greater water use efficiency, thus indicating that the moisture level was within the readily available moisture zone. On the other hand, the longest irrigation interval of 10 days must have made the moisture level to dwindle beyond the lower available limit and, hence, into the wilting range, thus causing the plant to undergo some moisture stress. Similar results were obtained by Channabasavanna and Setty (2000) for sweet pepper, and Olalla and Valero (1994) for bell pepper.
In the case of SMS, research findings showed an increase in growth and yield parameters with increasing organic and inorganic fertilizers up to a point, after which the parameters start decreasing. For example, Olaniyi and Akanbi (2007) showed that growth parameters of fluted pumpkin increased significantly with increasing organomineral fertilizer rate from 0 to 30 M/ha, then declined thereafter. Olaniyi and Odedere (2009) further observed that although the application of 6 t/ha compost gave the highest growth and yield parameters of fluted pumpkin, there was no significant difference between the values obtained at 4.5 and 6 t/ha. However, Polat et al. (2004) found that there were statistically significant differences among different levels of spent mushroom compost (SMC) applied, in terms of total yield of lettuce, as 2 and 4 t/ha SMS gave the best result. In the case of cucumber grown in green houses with drip irrigation, Polat et al. (2009) also observed that the highest total fruit yield was obtained through the application of 40 tonha -1 SMC, followed by 80 and 20 tonha -1 applications. This further confirms the fact that increase in application of SMC increases yield parameters up to a point, after which the parameters start declining. Table 4 presents the summary of ANOVA used to compare the means of the selected growth parameters. The table shows that only the difference in treated means between the number of branches is significant at the 5% level, while the means of all the other parameters are significant at the 1% level.
Conclusions
All the combinations of irrigation interval and SMS resulted in higher growth parameters than the control, thus indicating that the application of irrigation and SMS greatly enhanced the growth of the crop. Furthermore, although the combination of 7 days irrigation interval and 20 t/ha SMS, and 4 days irrigation interval with 20 t/ha SMS resulted in the maximum vine length and leaf area, respectively, the application of 4 days irrigation interval combined with 30 t/ha SMS gave the best result in all the other parameters measured. The combination of 4 days irrigation interval and 30 t/ha SMS should therefore be used in the study area during the dry season for flute pumpkin. The results of this study further buttress the fact that effective crop growth in the Niger Delta region of Nigeria can only be achieved through supplemental irrigation and by improving the quality of the soil.
